Mitochondrial form of the cell is subject to variation considerably, but to-day it is almost impossible to draw a conclusion that some forms of mitochondria are expressive of some specific biochemical activities of the cell. Moreover, varied experimental techniques may cause similar changes in mitochondrial morphology, so that any specific type of mitochondria in a given type of cell can not be ascribed to a particular experimental condition (Roberts, 1949) . Cytoplasmic granules with mitochondrial and non-mitochondrial staining properties observed in varied mammalian cells were designated by Opie (1947 a, b) as cyto chondria, and their enlargement was fully described in connection with some pathologic changes and with changes caused by the immersion of surviving tissues in various kinds of fluid, under various osmotic conditions (Opie 1947 a, b; . The previous report of the writer (Sibatani, 1949 a) was to describe some distinct types of the liver cell cytoplasm distinguished by the characteristic pattern of ribonucleic acid (RNA) and cytochondria. In that report it was pointed out that cytochondria are definitely enlarged in the liver cells of moribund animals resulting from starvation or certain infections. 
1) Setting-up of the Experiments of Starvation and Subsequent Ali mentation.
Experiments on the effects to be caused by starvation and refeeding were repeated over a dozen of times , using rats of unspecified strains to give reproducible results in morphology of the liver cell. In most cases one family of rats of the same age were used in a single experiment.
The number of the rats used in each experiment varied from 6 to 20. They were fed with nothing but water and were sacrificed at intervals and their livers were fixed in 10 per cent formalin, Helly's fluid, and Regaud's fluid until some of them became moribund.
Under such an experiment, usually several rats have died over the night and their livers were fixed next morning unless rigor mortis had not set in by that time. The remainder of the animals was led to the premortal state and then was refed in order to let them recover.
Those who were gaining body weight rapidly were then sacrificed at various intervals.
It was soon found that the period of starvation can not be used as a reliable criterion to ascertain the state of the liver cell. Moribund or dead animals always exhibit hepatic cytoplasm of type III, the characteristics of which consist in a very scanty RNA and remarkably enlarged cytochondria (Sibatani, 1949 a) . But the length of time required to bring the rats to moribund state or eventual death fluctuated con siderably, ranging from three or four days to more than a fortnight. Usually larger animals were found to survive for a longer period of time but in many cases such a direct correlation has not been re cognized.
Accordingly, the per cent loss of initial body weight was taken as a more sound indicator for the state of the liver cell, but also this has proved to be of no absolute reliability.' Some animals survived the decrease of body weight by more than 35 per cent, but the others died before they lost less than 25 per cent of the original weight.
In the latter cases, the curves of body weight ended usually with a sudden fall. They occurred most commonly among the cases of very early death of starved animals. This fact may suggest that these animals died rather by some acute infections than simply by the suspension of food intake (cf. Whipple et al., 1947 for this respect) .
But the livers of all these animals exhibited a definitely uniform morphological pattern when they were on the verge of death, so that it was judged they may be pooled for the purpose of comparing morphology of mitochondria and cytochondria and in order to make search into the mechanism of cyto chondrial enlargement. 3) Changes in the Relative Volume of Various Constituents of the Liver Tissues during the Period of Starvation and Refeeding.
In one of the most typical experiments from which the illustrations shown in this paper were taken, the histological measurements of the relative volume of various constituents of the liver tissues were conducted according to the Chalkley method (1942) . Although these measurements were based on a very small number of rats, the data obtained appeared to represent a typical pattern of alteration in liver cell morphology during the period of starvation and refeeding, so that such results were considered to be of general significance (Table I ). Since the nuclear or cellular density was not determined, no direct indications on the absolute volume of histological elements were obtained from such data.
In the rats 1, 2, and 7 the relative volume of the total liver cell of the hepatic cytoplasm increases in accordance with the amount of glycogen accumulated, and the relative volume of nuclei of the liver cell and of vascular system as well as the ratio of nuclear volume to cytoplasmic volume of the hepatic cell change diametrically in accordance with the amount of existing glycogen.
These results may also be true in cases of the rats 3, 4, and 5, livers of which are all depleted of glycogen.
There is, however, no significant difference between the corresponding figures of these three animals, each of which has lost 10, 20, and 30 per cent of its initial body weight respectively, and those of a normal rat (no. 2). On the contrary, the rat 6 is comparable with the rat 5 with regard to the loss of body weight and the type of the liver cell cytoplasm (Sibatani, 1949 a) , whereas the relative ,) volume of the whole liver cell and hepatic cytoplasm in the rat 6 ( Fig. 1 ) are considerably lower than those in the rat 5 (Fig. 2) of the hepatic nucleus and of the vascular system and volume ratio of hepatic nucleus to cytoplasm are correspondingly higher in the rat 6 than in the rat 5. This means that a rapid and considerable diminution of protoplasmic mass forming the liver cell cytoplasm has occurred in the rat 6. Also the hepatic nuclei of the rat 6 are significantly reduced in their sizes compared with those of other animals so that the nuclei may also contribute, although to a lesser extent, to the volume decrease of the hepatic cell in the rat 6.
4) Mitochondria and Cytochondria.
During the course of starvation and refeeding, mitochondria of the liver cell undergo considerable alteration.
In normal rats much of the mitochondria are definitely rod-like or filamentous, and the density of mitochondria are determined by the amount of glycogen accumulated within cytoplasm (Fig. 3) . In the course of starvation mitochondria become somewhat smaller in size and tend to disintegrate into small granules. They are distributed rather densely because of the absence of glycogen (Fig. 4) , This state corresponds to type II described in the previous report (Sibatani, 1949 a) which is characterized by the fine mesh-like structures of basophilia caused by crowding of minute cytochondria.
In this stage, some basophilic filaments are seen in the cytoplasm fixed with formalin, but it is highly unlikely that these filaments represent real mitochondria. When the stage of type III of liver cytoplasm is reached, almost all of the mitochondria are granular, frequently kindney-shaped, and definitely enlarged, no matter what the relation of the cell to veins may be (Fig. 5) . Such mitochondria correspond very well to the enlarged cyto chondria of this liver (Fig. 2) , which characterize the liver cell of this type.
Accompanied by the diminution of the cytoplasm which may be taken as the sign of approaching death the mitochondria are enlarged extraordinarily, forming round globules of considerable dimension, and diminish very much in number (Fig. 6 ).' Usually they are separated from each other by narrow interstitial clear space. This picture seems to represent a negative figure of the foam-like cytoplasm composed of considerably enlarged cytochondria with fine basophilic rim as revealed on staining with thionin after fixation with formalin or Helly (Fig. 1) . Namely, the wide clear central spaces of enlarged cytochondria cor respond to the granules stained with iron hematoxylin, and the basophilic rim of RNA to the clear interstitial space between these granules, because RNA should not stain with iron hematoxylin after having been fixed with Regaud's fluid.
On refeeding at the final stage of starvation, liver cells are converted to take the form of type IV. Accompanied by this change, mitochondria undergo a spectacular alteration within 24 hours (Fig. 7) . They are situated on the cytoplasmic masses which are limited in narrow zones 5) Changes in Specific Gravity of the Liver Tissues. The enlargement of mitochondria and cytochondria were investigated by Opie (1947 Opie ( b, 1948 in association with osmotic changes of the medium in which the liver slices were immersed, and the evidence of entry of water into the cell and presumably into the cytochondria was substantiated by the measurement of specific gravity of these liver tissues. Upon immersion in distilled water, cytochondria of the liver cell were swollen to form a foamlike appearance of the entire cytoplasm.
This phenomenon was accompanied, according to Opie (1948) , by the decrease of specific gravity of the liver tissue from the normal value between 1.090 and 1.100 to 1.055 after the first 15 minutes and to 1.025 or somewhat less after the period of 2 hours.
Since a remarkable enlargement of cyto in distilled water in order to obtain cytochondria enlarged by osmotic swelling is much lower than the lowest value reached by starvation, it is highly unlikely that cytochondrial enlargement produced by starvation is cuased simply by the osmotic swelling.
6) Changes in the Free Amino Acid Pattern of Liver Tissues in the Course of Starvation
Revealed by Paper Chromatography. Remarkable enlargement of cytochondria related with diminution of cytoplasmic RNA are observable not only in animals starved to the dying state but also in animals which are moribund as the result of infection, poisoning, and other injuries (Sibatani, 1949 a Thus the liver of a starved rat which has lost 35 per cent of its initial body weight and was almost dying was found to be in a typical state of type III, containing free amino acids in greater amounts and of more numerous species than those detected in normal livers (Table III) . Also some intersting differences were found to be present in spots which represented peptides presumably.
Since the aliquots of free amino acid fractions contained in 100mg portion of fresh liver were chromatographed in every case, the increase of free amino acids observed in the starved liver must partly be due to the relative loss of other constituents such as glycogen, proteins, phospholipids and ribonucleic acid (Kosterlitz and Camphell, 1945 ). However, some spots which were found in papergrams of normal liver were not detected in those of the liver of type III, so that some absolute difference of free amino acid pattern must be present between the normal and dying livers. The details of the results obtained ware given elsewhere (Sibatani, 1949b) . This state is reached when the animals have approached to death, but the time required for its appearance is highly variable, ranging from 4 to 5 days to more than a fortnight.
This may be comparable with the fact reported by Ashworth and Brody (1933) that the animals previously fed on the stock diet require from 4 to 26 days on protein-deficient diet to reach the level of minimum N equilibrium. It is possible that some of the earlier deaths are caused by infection. This may especially be true in winter.
Therefore , one must be very careful to interprete the results to be caused by starvation.
In the experiments reproted here, however, none of the dying animals exhibited liver cells of other than type III. The individual figures of the per cent loss of body weight which is required to bring animals to the moribund state cluster about a value of 30 per cent. In one case, a large rat (no. 14) weighing over 300 gram survived the loss of body weight by more than 35 per cent and was sacrificed before the appearance of dying symptoms.
The liver cell of this animals was found to be an intermediate between types II and III. But in another cases, a rat almost dying which has lost 35 per cent of its original body weight during the starvation of ten days gave a definite picture of the liver cell of type III. For these reasons, it is fairly certain that even the death caused by "pure" starvation is accompanied by the alteration of liver cells to type III.
The relative volume of hepatic cytoplasm on the basis of the whole liver tissue as well as of the cell body decreases in starvation as in the case of protein deficiency (Stowell, 1949) . But in our experiment reported here (Table I) , this decrease is rather slight until the state of type III is reached, whereupon the volume of the cytoplasm diminishes rapidly.
Such state may correspond to the stage of premortal rise of nitrogen secretion (Brugsch, 1927 (Brugsch, , 1936 Morgulis, 1923) , but according to Whipple et al. (1947) or meshes of the basophilic network which are revealed by staining with thionin after fixation with formalin or Helly. We were led to a hypothesis that cytochondria are identical with mito condria, the latter, even when filamentous, being deformed more or less by ordinary fixatives such as formalin to give a granular structure which can be recognized as cytochondria.
Observation on liver cells of type I and II are favorable to this postulate.
It is further supported by the observation by Hogeboom, Schneider and Pallade (1948) that the large granule fraction obtained by centrifugation at high speed from the liver tissue homogenized with 0.88 M sucrose solution consists almost exclusively of rod-like and granular mitochondria with standard staining properties.
Furthermore, observations of Saito and Sibatani (1950) on the isolated cells in the liver homogenate with 0.88 M sucrose proved that on exposing to distilled water, intracellular as well as extracellular mitochondria, mostly rod-shaped, alter immediately into swollen cyto chondria which render a foam-like appearance to the cell.
On the other hand, an alternative possibility was considered in the previous report (Sibatani, 1949a) on the basis of the observations of some injured liver cells (Opie, 1947b) .
In these cases, cytochondria are strongly enlarged to form vacuoles, and small bodies which take mitochondrial stain are found to be situated in the interstices of this vacuoles, having an appearance of nodes of the networks composed of stainable rim of swollen cytochondria.
Accordingly, if these small bodies which react to the stain like mitochondria were identified with real mitochondria, they would be of definitely smaller dimensions than cytochondria that have been swollen, and hence these two elements can not be unified into a single sort of morphological element.
However, the process to introduce the appearance of such a structure has been clearly demonstrated by Opie (1948) . According to his scheme, the small mitochondria-like bodies present in the interstices of swollen cytochondria are produced by segregation or partial loss of substance (or substances) which reacts to mitochondrial stain from the remainder of mitochondrial body, which in turn is remarkably enlarged to form structures described as swollen cytochondria.
In a number of cases including some pathologic changes and in changes produced by immersion in distilled water and some other fluids of surviving liver tissues, Opie (1947 a, b; has demonstrated cyto chondria which are devoid of substances responsible to mitochondrial stain.
Our study described here, however, fails to establish with cer tainty the presence of such cytochondria in most cases. One possible instance that seems to be in accord with Opie's statement may be the The remarkable enlargement of mitochondria and cytochondria in the state of type III somewhat differs from the osmotic swelling described by Opie (1948) , because the appearance of foam-like cytoplasm is not accompanied by segregation or partial loss of mitochondrial substance from the body of cytochondria in this liver. Instead, most of the quite enlarged cytolochondria are fully charged with mitochondrial substance . Moreover, the size of mitochondria are increased at the expense of their number.
This fact, together with the finding that the specific gravity of liver tissues of type III has by no means diminished to a level comparable with the livers immersed in distilled water , suggests that the enlargement of the mitochondria (namely, cytochondria) is not caused by osmotic swelling but is caused by coalescense or mutual fusion of granular mitochondria of smaller size .
When animals dying as the result of starvation are subjected to refeeding, a spectacular change occurs in the morphology of mitochondria (type IV). The cytoplasm is rarefied and some of the large round mito chondria are converted into long filaments.
This change may be brought about by rearrangement of mitochondrial granules which have been fused to each other in type III, but it could not be excluded that round mitochondria are so stretched as to form filaments because of the remarkable enlargement of the cell body while cytoplasm is as yet poor in protoplasmic masses.
Based on the statement made above, the cycle of mitochondria in relation to types of liver cell cytoplasm as regards the distribution of RNA, which is observed during the course of starvation and subsequent alimentation, is summarized in Fig. 8 . Mitochondria (top row) of normal liver cells (a) are represented by rods and granules, the former being of various lengths and consisting of elementary granules in longitudinal association, each of which seems to correspond to the structure which may be identified as a (single ?) cytochondrion (Saito and Sibatani, 1950) . After resorting to fasting, these mitochondria become finer and tend to disintegrate into elementary granules (b). At the final stage of starvation, granular mitochondria are somewhat enlarged (by mutual fusion of the individual elementary granules?) (c), and then coalesced with each other to form large globules (d). On refeeding, some of these enlarged mitochondria are converted by certain mechanism into elongated bodies highly variable in size and shape (e). The type of mitochondria is then to approach to the normal state with the restora tion of the animal.
The cycle is accompanied by the corresponding change in RNA present on the surface of mitochondria (namely, cyto chondria) (Jeener, 1948) from type I to IV through types II and III (Fig. 8, bottom row) . Appearance of similar morphological picture of the liver cell (type III) in dying or dead animals as the results of various infections and other harmful agents may be correlated with some biochemical changes occurring in agonal liver.1
It was shown that free amino acid patterns of the liver revealed by means of the paper chromatography may serve as a useful tool to give some information on this problem, for which the death caused by starvation may offer a standard. 
